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Abstract 
Objectives: While numerous studies on the non-occupational risk factors for 
carpal tunnel syndrome (CTS) exist, no attempt has been made to assimilate all of 
the available evidence. Controversy dominates discussions about the causes of 
carpal tunnel syndrome. Whether CTS is caused by exposure to repetitive motion 
trauma, typically at work, or from other factors has been debated by employers, 
oversight agencies, and researchers alike. What is clear is that the prevalence of 
CTS cases is on the rise and it is the responsibility of the research community to 
establish the best possible evidence for all possible etiologies of CTS. This 
systematic review attempts to critically review all of the available studies on non-
occupational risk factors for developing CTS. The information provided in this 
review will be helpful to future researchers in deciding which areas need further 
study and which risk factors will be important to control for in their study sample. 
Methods: Data were collected from a Medline search of English-language studies 
from 1966 to January, 2002 and a manual search of bibliographies from retrieved 
articles. A total of 239 studies were assessed, yielding 15 original papers that met 
the inclusion criteria. The selection criteria included a review of the study design, 
sample, risk factors, and outcome. A quality assessment of each study was also 
performed by analyzing each paper for strengths, weaknesses, validity, and results 
followed by an appropriate interpretation of the results. 
Results: Overview of the 15 studies reveals that there are marked variations in the 
quality and consistency of the studies. There are no established consensus criteria 
for the diagnosis of CTS. The study samples are often limited to a particular 
ethnic group or geographic cohort and none appropriately controlled for exposure 
to repetitive motion. For the purpose ofthis study, risk factor is defined as any 
factor having a statistically significant association with CTS, after controlling for 
potential confounding variables. The weight of the evidence supports both obesity 
and age to be risk factors. Gender is often statistically associated with a CTS 
diagnosis although there is evidence that this association is weaker than 
previously assumed. Likewise, there is evidence for white race as a risk factor for 
CTS, although there are many explanations for why this may be factitious. 
Pregnancy appears to cause CTS though the risk is low. Factors with limited 
evidence to support an association include oral contraceptive use, parity, 
tobacco/caffeine/or alcohol use, wrist dimension, diabetes, inflammatory arthritis, 
hypothyroidism and renal dialysis. Factors with no evidence to date to support an 
association with CTS include hormone replacement therapy, household chores, 
and vitamin B6levels. 
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Conclusions: The high degree of variability between the studies as well as quality 
concerns limits the strength of any conclusions that can be drawn. Further 
research is needed which utilizes strict and validated diagnostic criteria for CTS 
while controlling for as many potential confounding factors as possible. Exposure 
to repetitive motion at work must be assessed and controlled for in any study on 
CTS risk factors. 
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Introduction 
The objective of this systematic review is to assess the literature on the non-
occupational risk factors for carpal tunnel syndrome (CTS). Due to the variability 
in the design, definitions, and measurement among the many studies, no attempt 
to synthesize the data into a larger data set was attempted. Instead, the major 
purpose of this review is to quantify the available data and to discuss the literature 
in a qualitative fashion with regards to the strength of each study and the 
appropriate interpretation of the available results. 
A summation of the current literature in this field is important for two 
reasons: 1) to allow researchers and practitioners to better understand the level of 
risk posed by non-repetition risk factors (i.e. gender, obesity, age, etc.) on their 
patient samples; 2) to allow researchers to control for the appropriate confounding 
risk factors while studying the occupational causes of CTS, thus strengthening the 
validity of their results. 
Reason number two above is of major importance to those researching the 
effects of repetitive motion on industrial employees. Industry supporters often 
critique studies linking CTS to repetitive motion by suggesting that the authors 
failed to exclude non-occupational causes for CTS during their study. Because 
non-occupational risk factors have not been well quantified, this critique serves to 
insert doubt into the conclusion that work place factors are actually leading to 
cumulative trauma disorders, such as in CTS. Understanding the role of non-
occupational risk factors will thus allow us to understand, with as much precision 
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as possible, the relationship between repetitive motion and CTS. Establishing this 
connection will allow for more appropriate governmental regulations and 
oversight of industry, the approval of workman's compensation claims, and 
eventually, changes in the workplace environment. 
This systematic review was originally undertaken to improve the methods of a 
prospective risk assessment of repetitive motion in the North Carolina poultry 
industry.1 In addition to this goal, this systematic review will help direct further 
research on non-occupational risk factors by assessing the strengths and 
weaknesses of the current literature. 
Prevalence of CTS in the United States 
In 1985, the U.S Occupational Safety and Health Administration (OSHA) 
accepted repetitive trauma in the workplace as a concern and has required its 
reporting through annual industry surveys. Since that time the incidence of 
cumulative trauma disorders has increased substantially. Approximately 277,000 
cases of cumulative trauma were reported in 1997, compared with fewer than 
50,000 in 1985.2 Between 1997 and 2000 the number of repetitive trauma cases 
reported by industry has decreased from 277,000 to 242,000.3 Ofthese disorders, 
CTS has been the fastest growing category, recently accounting for more than 
40% of all work -related dissabilites? An estimated 26,000 CTS patients in the 
U.S. undergo surgical decompression each year and median days lost from work is 
greater than for any disorder, including back pain.2 
The Bureau of Labor Statistics (BLS) publishes an annual report of numbers 
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and rates of work -related injuries. 3 This Survey of Occupational Injuries and 
lllnesses is a Federal/State program in which employer's reports are collected 
annually from about 176,000 private industry establishments and processed by 
State agencies cooperating with the Bureau of Labor Statistics. Summary 
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information about the number of injuries and fatalities is copied by these 
employers directly from their record keeping logs to the survey questionnaire. 
Industry record keeping must comply with guidelines set by the Occupational 
Safety and Health Administration. The survey maintains a grouping under the . L 
category of 'repeated trauma' which includes tendinitis, bursitis, tendon injuries, 
as well as CTS. CTS is known to represent the major component ofthis grouping 
based on the 1988 National Health Interview Survey, Occupational Health 
Supplement Data Survey.' No attempt is made on an annual basis to separate I 
CTS cases from other repetitive trauma cases. The annual study also makes no 
effort to determine the rates of CTS or any other disorder outside of the 
workplace. Tables 1 and 23 represent the findings in the most recent BLS study. 
The prevalence of CTS in the United States is best established using the 
combined BLS and National Health Interview Survey, Occupational Health 
Supplement Data (NHIS/OHS) as described by Tanaka et al.4 This government 
sponsored survey attempted to define the health status of the nation through 
questionnaires and multi-stage probability testing of the non-institutionalized 
civilian sample. The most recent such study was performed in 1988.' The 30,074 
respondents (91.5% response rate) were weighted by demographic category to 
represent 127 million "recent workers" (defined as having worked within the past 
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twelve months). Tanaka eta!. reported on the results of this survey.4•5 The study 
determined that 1.47% (95% CI 1.30-1.65), or 1.87 million persons, had self-
reported CTS, and .53% (95% CI .42-.65), or 675,000 persons, had medically 
diagnosed CTS. 4 Industries with the highest prevalence were food processing, 
repair services, transportation, and construction. 4 The risk factor most strongly 
associated with medically diagnoses of CTS (in the Tanaka paper) was exposure 
to bending/ twisting of the hands/wrists at work (OR 5.23; 3.44-7 .96), followed by 
race, whites higher than non-whites (OR=4.20; 1.78-9.92), gender, females greater 
than males (0R=2.23; 1.52-3.27), use of vibrating hand tools (0R=l.81; 1.27-
2.57), and age (0R=l.03; 1.02-1.04). 4 
Strengths of this study included its large sample size with a high response rate 
and minimal selection bias. The questionnaire asked about symptoms without 
using leading questions that served to limit bias. Although recall bias and 
observer bias by physicians is inherent in the measurement technique, the effects 
of these biases are not easily measurable. The sample with medically diagnosed 
CTS, while perhaps being more accurate than that determined using self-reported 
cases, may still not represent all cases. This is secondary to problems with 
underdiagnosis in certain sample sectors as well as differences in access to health 
care between socio-economic groups. The occupational assessments in the study 
are limited in that no work -site measurements are taken and all information relies 
on personal recall of bending/ twisting, vibration, and force. Despite the 
limitations, this survey provides a national prevalence estimate for CTS and 
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provides additional evidence that repetitive manual work is a significant risk 
factor for musculoskeletal disorders.6 
Researchers tracking prevalence must take into consideration that an increased 
rate of reporting may or may not follow a true increase in the actual disorder. 
Many factors determine the rate of diagnosis; some of which would serve to 
artificially lower the rate and some that would artificially raise it. Factors such as 
intimidation, lack of access to medical care, and an unwillingness of company 
physicians to diagnose work -related illnesses must be considered alongside such 
factors as misdiagnosis of CTS, a failure to consider other medical conditions as 
possible causes of CTS, and providing a diagnosis for the purpose of insuring 
treatment for a patient. 
Based on several surveillance efforts, the prevalence of CTS has ranged from 
0.1% in a tertiary health care facility, to 0.2% based on workers' compensation 
data, to 0.6% by a telephone survey of providers.• The prevalence of CTS within 
certain high risk industries such as meat processing and automobile assembly have 
been reported as high as I 0 percent? While sample differences and study methods 
in each case can explain the range in reported rates, it makes it difficult to 
generalize this prevalence to a larger sample. The NHIS/OHS prevalence (1988) 
for medically diagnosed CTS of 0.53% may be the most accurate nationwide 
figure. 4 
Methods 
Inclusion and Exclusion Criteria 
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The following inclusion criteria were used to identify studies for this analysis: 
A) study design: cross-sectional, case-control/retrospective, and prospective 
cohort studies were included; B) sample: all adult study samples, domestic and 
foreign were included; C) risk factors: the paper must include at least one non-
occupational (or non-repetition) risk factor as a pre-determined variable of study; 
D) outcome: the primary outcome must be the presence or development of carpal 
tunnel syndrome in relation to the risk factor of interest. All definitions of carpal 
tunnel syndrome were accepted to allow for the capture of more studies. Studies 
were excluded if the results were not quantified. 
Searching 
A computerized literature search was performed of the National Library of 
Medicine's MEDLINE from 1966 to January 2002 using the following search 
terms: "carpal tunnel syndrome" and "risk factors." The Cochrane Database, 
PUBMED, and Best Evidence were also searched using the same search terms. 
Only English language articles were selected. Bibliographies of all selected 
studies and relevant review articles were evaluated to search for other relevant 
studies. No attempt was made to obtain results of unpublished studies. 
Study Selection 
Titles and abstracts of all these articles were reviewed and were considered for 
inclusion. A total of 13 studies met the inclusion criteria. An additional 2 studies 
were obtained from bibliographies of relevant papers. A total of 239 articles dealt 
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with carpal tunnel syndrome and analyzed risk factors. Of those that were 
excluded, 38 dealt with occupational or repetitive motion risk factors and 184 
were review articles, letters, comments, or editorials. Four studies were excluded 
because the level of risk was not quantified. See Figure 1. 
Data Extraction 
Data concerning study design, setting, subjects, study duration, sample size, 
risk factor definitions, control for confounding variables, and carpal tunnel 
syndrome definitions were extracted from each article. The above data were 
entered into a standardized worksheet to ensure that each study received the same 
analysis. Each study was then reread at a later date to ensure that no data were 
missed. While using two independent readers would best insure reproducibility, it 
was thought a standardized worksheet would minimize errors. 
Quality Assessment 
Each paper was evaluated using the following questions: 
I. Did the paper control for exposure to repetitive motion in the workplace? 
2. How certain was the diagnosis of CTS? (i.e. relied on a chart review, clinical 
symptoms alone, electrodiagnostic studies alone, or a combination of clinical 
symptoms and electrodiagnostic studies) 
3. Did the paper examine other potential non-occupational risk factors that may 
confound the result? 
4. Is the result generalizable to other populations? 
5. What are the strengths and weaknesses inherent in the study design? 
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Figure 1 Study selection flow chart 
Combination "Carpal Tunnel 
Syndrome" and "Risk 
Factors" 
n=239 
Studies not meeting inclusion 
criteria: 
n=38- Occupational Risk Factors 
n= 184 - Review articles, letters, 
comments, editorials 
Studies meeting inclusion 
criteria: 
n=l7 
Studies excluded: 
n=4 - Risk not quantified 
Studies meeting inclusion and 
exclusion criteria: 
n=l3 
Plus 2 studies retrieved from 
bibliographies 
n=l5 
II 
Results 
Fifteen studies met the inclusion criteria and are summarized in Table 3 and 
all quality criteria are summarized in Table 4. The studies included eight cross-
sectional studies,'·'·"-'2•13•38•39•44 five case control studies,14•15•16•27•32 and two 
prospective cohort studies.10·19 In addition to the variations in study design, the 
studies also differed in the manner in which CTS was diagnosed, the risk factors 
being examined, and which variables were controlled for in the analysis. 
Non-Occupational Risk Factors 
For the purpose of this review, 'non-occupational risk factor' is defined as any 
non-traumatic (or non-repetitive motion) factor having a statistically significant 
association with CTS, after controlling for potential confounding variables. The 
studies on non-occupational studies lack a common thread. Risk factors and 
outcomes are defined differently throughout the studies and therefore it is difficult 
to compare results from one study to another. A majority of the studies do not 
account for exposure to repetitive motion in their analysis. Nevertheless, there 
have been many studies that attempt to discover risk factors that may be leading or 
contributing to CTS. The data on each risk factor are analyzed in the following 
sections: Weight/Body Mass Index, Age, Gender, Race, 
Tobacco/Caffeine/Alcohol Use, Concurrent Medicallllnesses, Pregnancy, and 
Estrogen Exposure. Each section contains a critical review of the available 
literature and a concluding summary. 
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Weight/Body Mass Index !BMD 
Nine studies address the association of obesity with carpal tunnel syndrome. 
Obesity has long been included in a list of potential risk factors for developing 
CTS. It has been hypothesized that obese individuals have an increase in fatty 
tissue within the carpal canal, an increase in hydrostatic pressure throughout the 
canal, or both factors acting at once. 8 This anatomical finding could either directly 
cause compression of the median nerve or increase the susceptibility of these 
patients to secondarily developing CTS through cumulative motion or other 
causes. There has not been a systematic study of the intracarpal canal anatomy or 
pressures in obese versus slender individuals. 8 It may also be that heavier 
thus increasing their chances for developing CTS. 8 Another hypothesis is that I individuals place more pressure on their wrists during certain activities and are 
obese individuals get disproportionately placed in jobs requiring more upper 
extremity labor, leading to a misleading association between obesity and CTS. 
The only way to elucidate these hypotheses is through the findings of a well-
designed prospective study. 
Tanaka eta!. performed a cross-sectional study using the 1988 National Health 
Interview Survey (NHIS).9 The population ofthe study was a large U.S. sample. 
Of the 50,061 initially surveyed people, this study used 30,090 "recent workers." 
They separated CTS cases into those that were self reported by the participant 
(SR-CTS), based on the participants assumption of the disease, and those that 
were medically-called (MC-CTS), based on the participant being told that they 
had CTS. The study assumes that medically called CTS better represents actual 
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CTS. No medical records were reviewed in this study, calling into question the 
validity of the CTS diagnosis. BMI (kg/m2) was used as the weight variable, with 
BMI>25 being used as the definition for overweight. Logistic regression was 
utilized to analyze the variable with age, gender, race, smoking, education, 
bending/twisting included in the model. 
The study found that SR-CTS demonstrated an adjusted odds ratio of 1.76 (CI 
1.37-2.27) and MC-CTS demonstrated an adjusted odds ratio of 2 (CI 1.33-3.02) 
with regards to BMI>25 vs. <25. The conclusion drawn from this association is 
that within this sample, patients with CTS were up to 2 times more likely to be 
overweight. 
i 
The major strength of this study is the large size and the applicability to a U.S. I population. The study has a number of weaknesses however. Foremost, it is a 
i 
cross-sectional study and is thus unable to demonstrate causation or even a 
temporal sequence. Even if the association between CTS and increased BMI were 
true in this sample, it is impossible to know if these workers were more often 
placed in at risk jobs because of their predilection toward a sitting job for 
example. It also relies on a very subjective definition of CTS, relying on patient 
memory to recall the condition. A study on CTS could certainly alert the subject 
to symptoms of the upper extremities, which may or may not be CTS. This 
introduces significant recall bias into this study. 
Werner, et al.8 used a cross sectional study to look at a large non-industrial 
sample to determine if obesity is associated with CTS. Their sample included 949 
diagnosed cases of CTS from a sample of 6000 that was referred to their 
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electrodiagnostic clinic. All CTS cases were defined by a combination of clinical I 
suspicion and electrodiagnostically proven slowing of the median nerve. 
Overweight was defined as a BMI > 25 and obese as a BMI > 29. They 
determined that when obese individuals were compared to slender individuals, 
they were 8.2 times more likely to have CTS, 0R=8.2 (CI 1.1-63). When obese 
and overweight individuals were combined and compared to slender individuals, 
the OR dropped to 2.9 (CI 1.6-5.0). The large confidence interval underscores the 
lack of precision in the number obtained. 
The sample is not generalizabile because it consists exclusively of hospital 
referral patients. The study also fails to account for occupational exposure to 
cumulative trauma among the participants. While showing an association I between obesity and CTS in their sample, no claim can be made about causation 
or even that obesity is a risk factor for developing CTS. It is however consistent 
with other studies showing a statistically significant increase in overweight and 
obese individuals amongst a population with CTS. 
Two studies of foreign samples also found an association between obesity and 
CTS. 10•11 Vessey et al. 10 performed a study on a large cohort of white, British 
women of child bearing age who were referred to a hospital with CTS diagnosis. 
There were 154 cases of CTS among a cohort of 17,032 women. While dealing 
with a limited case sample, the paper did show that women over 40 and with CTS 
were four times as likely to be overweight as individuals without CTS. The risk 
did not hold true for women under 40 years. This paper is looking at more severe 
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cases, requiring a hospital referral. The diagnosis of CTS is not verified in the 
cases. There was also no control for occupational exposure. It is difficult 
therefore to draw strong conclusions about this study. 
The study by Lam, et al. 11 was done in a New Zealand sample and is 
methodologically flawed. It studies the association of obesity, among other 
factors, with cases of CTS surgical release. The sample consisted of 522 patients 
and 655 surgical releases (some patients were counted double). As compared to 
the general population, the sample undergoing CTS release was twice as likely to 
be obese (BMI >30). This study suffers from numerous flaws. The sample of 
patients undergoing CTS release is not generalizable to all persons with CTS. 
While the authors did categorize patients into light or heavy manual or clerical 
work, the definitions were not strict enough to truly control for work related 
cumulative trauma exposure. Finally, the design of the study only allows for the 
claim of an association with no indication as to the possible reasons for the 
association between obesity and BMI. 
Atcheson, et a!, 12 performed a medical chart review of 297 patients referred to 
a physician through workers compensation with a presumptive diagnosis of work-
related CTS. The authors were looking for the presence of concurrent medical 
diagnosis in these patients. In addition to finding numerous other concurrent 
medical conditions in these patients, obesity was found to be more prevalent 
amongst subjects with CTS. The authors do not report an isolated OR for obesity 
but instead state that subjects with obesity or a concurrent medical condition had 
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an OR >3.15 (p<.001) for having CTS while subjects with a concurrent medical 
condition and no obesity had an OR >2.8 (p<.001) for having CTS. The reason 
that the OR is stated as being a certain value or greater is that the authors used 4 
different definitions of CTS in their study, providing a solid assurance that most 
of the CTS cases were captured. This was on observational study and made no 
attempt to correlate working conditions or other conditions with the development 
of CTS. Its findings are thus limited to a description of this particular patient 
sample. 
Nathan et al. 13 performed a combined cross sectional and longitudinal study in 
an attempt to define obesity as a risk factor for slowing of median nerve 
conduction. The study group includes 858 hands of 429 industrial workers who 
had nerve conduction studies in 1984 and again in 1989 (with only 2 workers 
missing in 1989.) While increased nerve latency or median nerve slowing was the 
outcome measure in this study, the authors only define CTS as a condition with 
both slowing and clinical relevant symptoms. This definition leaves open the 
possibility that cases were missed or miscategorized. Obese was defined as a BMI 
> 30 and overweight as a BMI >25. Pearson correlation coefficients were used to 
compare gender and obesity in the presence and absence of slowing. The study 
found that in both 1984 and 1989, BMI was significantly correlated with slowing 
of the median nerve. With men and women having a 2.7 and 5.1 times increased 
likelihood of being obese with slowing in 1989. There was no overall increase in 
slowing prevalence from 1984 to 1989, though a higher percentage of overweight 
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and obese subjects had nerve slowing in 1989 than did overweight and obese 
subjects in 1984. This finding may indicate that over time, overweight and obese 
individuals may be developing slowing of the median nerve. This claim can not 
be validated though because it is unclear whether the people that changed from 
one BMI group to another may have changed the prevalence of nerve slowing in 
each group. There was a significant increase in BMI from 1984 to 1989, 
indicating that the subjects gained weight over the 5 years. The greatest weight 
gains were in women who had slowing in 1984, which was statistically 
significant. They also found that increased BMI in 1984 was the second strongest 
predictor of median nerve slowing in 1989, behind nerve slowing in 1984. The 
authors also state that none of the job-related factors that they assessed proved to 
be predictors of 1989 median nerve slowing. 
The authors assert that their study demonstrates that personal factors such as 
age and obesity are more important risk factors for median nerve slowing than are 
job related factors. The strengths of this study are that it does provide longitudinal 
data of the same sample group over 5 years. It also uses nerve latency, which 
while it still needs to be correlated with CTS symptoms, is a more objective 
measurement and outcome than merely relying on CTS symptoms. Unfortunately, 
the authors seemed to have relied too heavily on nerve slowing as an outcome. 
There may have been a large amount of discordance between nerve slowing and 
diagnosed CTS. Secondarily, the occupational exposures used by the authors did 
not attempt to quantitate exposure to measure, but instead relied on subjective 
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definitions of hand-use and industry type. Thirdly, in order to claim obesity as a 
cause for developing CTS, subjects must be followed from a non-obese, non-CTS 
state to an obese, CTS state while controlling for all other known or suspected risk 
factors. The authors of this study are unable to make that claim. 
The last three studies on obesity and CTS are case-control studies. 14•15•16 The 
first study by Roquelaure et al.14 is a retrospective study utilizing 65 workers with 
CTS matched for age, gender and plant location to 65 controls. The sample was 
from a French industrial city. The study found significant associations between 
force and repetition of work activity and CTS but found no significant association 
between CTS and obesity. The study suffered from a small sample size. For 
example, it is not stated how many of the participants were obese in the study, 
likely not enough to make a conclusion one way or the other. It also failed to 
clearly define the definition of CTS utilized in the study. The second case-control 
study was performed by Stallings et a!. 15 The authors selected the subjects 
themselves, in what appears to be a non-randomized manner. They reviewed 
2000 charts from people with complaints of numbness, pain, and tingling of the 
upper extremity. Of that group they chose 300 that had positive median nerve 
conduction studies as the cases and 300 that had negative electrodiagnostic studies 
as the controls. They were also recent or current workers. Diagnosis of CTS was 
based on electrodiagnostic studies using accepted parameters. Obesity was 
defined as a BMI > 30. The study found that after adjusting for gender, cervical 
spine findings, and age there was an OR of 3.75 (CI 3.17-4.44) associating obesity 
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with electrically diagnosed CTS. The study failed to randomize the case and 
control selection, introducing selection bias into the study. Referral bias is also an 
issue given the select sample being studied. This study did not control for work 
related exposures to the upper extremity, which is surprising given that the sample 
was being referred typically through worker's compensation claims. The 
definition of CTS used in the study relies exclusively on nerve conduction 
findings, irrespective of CTS symptoms. A more inclusive definition would have 
been preferred. 
The third Case-Control study is by Kuyoumdjian et al. 16 This study was 
performed in Brazil utilizing 210 consecutive cases of electrophysiologically 
confirmed CTS diagnoses. The authors found that there was a statistically 
significant difference in BMI between the cases (28.4) and the controls (25.4). 
Again, there was no control for occupational exposure in this study and very few 
others risk factors were analyzed. Although the authors claim to be studying age 
as well, the controls were age matched to the cases making an analysis impossible. 
The CTS diagnosis in this case was adequate. 
In summary, the studies on an association between obesity and CTS include 
five cross sectional studies,8•9•10·"·12 one combined cross sectional and longitudinal 
study/' and three case-control studies.14•15.I6 Eight ofthe nine studies found a 
significant correlation between BMI and CTS diagnosis. The one study that did 
not find an association had the smallest case size. Combining these studies is not 
possible because of multiple discordances in terms of patient samples, inclusion 
criteria, and definitions of CTS. In addition, each study chose to control for 
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different risk factors. The stndies which attempted to control for work 
exposure,'·"·" did so using a variety of definitions and none used observed or 
quantifiable definitions of exposure to cumulative trauma. From the available 
evidence, it appears that BMI is a risk factor for CTS. What is unclear, is what 
the reasons are for this association. It is not clear that obesity is a cause of CTS. It 
is likewise impossible to make the claim that by reducing obesity a subject may 
improve CTS. Until further research is done, which either demonstrates a risk 
reduction with weight loss or can temporally demonstrate an increase in risk with 
weight gain, we are unable to assess the role the reasons for the found association. 
Most of the studies looking at risk factors for the development of CTS 
incorporated age as one of the independent variables. As is the case within the 
other risk factor groups, many of these studies are cross sectional and are only 
able to speak of associations between age and CTS being able to define increasing 
age as a cause for CTS. The findings for age as a risk factor for developing CTS 
have been mixed, creating a need for further studies to look at age as an 
independent risk factor in the development of CTS. Stevens eta!., in their sample 
study from Rochester Minnesota, found an increasing rate of CTS with advancing 
age in men, but the rate peaked in the 45 to 54 age group in women.17 In 
Hagberg's review of occupational studies of CTS, they found no studies showing 
age to be a risk factor once the duration of occupational exposure was controlled 
for. 18 
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Seven other studies also link age with developing CTS in non-longitudinal 
studies. Of these studies, only the study by Tanaka et al' examines age as a risk 
factor while attempting to control for other confounders, including occupational 
exposure. They performed a cross-sectional study using the 1988 National Health 
Interview Survey (NHlS) as previously described in the BMI section.' The 
population ofthe study was a large U.S. sample. Ofthe 50,061 initially surveyed 
people, this study used 30,090 "recent workers." They separated CTS cases into 
those that were self-reported by the participant (SR-CTS) based on the 
participants assumption of the disease, and those that were medically-called (MC-
CTS) based on the participant being told that they had CTS. The study assumes 
that medically called CTS better represents actual CTS. No medical records were 
reviewed in this study. They determined that participants over 40, when 
compared to those under 40, had an adjusted odds ratio of 1.35(95% CI 1.06,1.72) 
for SR-CTS. MC-CTS failed to meet statistical significance. 
This study suffers from the inherent weaknesses of a cross sectional study, 
including the retrospective nature of the study. Recall bias is introduced because 
the CTS definition relies solely on the recollection of the subject. While the 
authors did control for bending and twisting and vibration exposure, these 
definitions were not scientifically quantified. The occupational exposure 
measurements relied on the subjects description of their work exposure, which 
could certainly be biased in people who thought they might have CTS. It is 
impossible to know the true effect of these biases, though their presence makes it 
hard to draw firm conclusions from the study. 
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The rest of the referenced studies were either a poorly performed prevalence 
study/1 only reviewed age,12 or defined age only secondarily as a study 
variable.8•10.I5 They do not appreciably add to our ability to define age as a risk 
factor for CTS, though all of the studies do report that age is associated with an 
increased probability of having CTS. 
Nathan et al19performed the only study to date to address the issue of 
temporality in developing CTS. Unlike the Nathan study on obesity/' the study 
on age as a risk factor randomly selected 471 workers in 1984 and were able to 
follow up on 316 workers in 1989. This represents a follow up of only 67%, 
which could certainly influence the outcomes of the trial. Age is defined in 4 
groups, 17-29, 30-39, 40-49,and 50-64 years old. The authors demonstrate that in 
their subjects, increased age (50-64 y/o) was significantly correlated with median 
nerve slowing in both 1984 and 1989, when compared to either the 17-29 or 30-39 
year old group. They do not report a significant value when compared to the 40-
49 y/o age group. They were not able to show any statistically significant change 
in their cohort when comparing 1989 with 1984 data, thus failing to define age as 
a risk factor for developing median nerve slowing over the five years of their 
study. They were thus able to show that cross-sectionally, in both 1984 and 1989, 
increased age is a risk factor for median nerve slowing. This was true even in 
apparently healthy subjects who had slowing but were not clinically diagnosed 
with CTS. The authors do not present data on age compared to clinically 
diagnosed CTS (using both electrodiagnostic testing and clinical observations). 
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Though the decrease in nerve conduction was not correlated with CTS 
diagnosis, it certainly is consistent with the association between increased age and 
CTS. The authors defend their reliance on nerve conduction studies, by claiming 
it to be the most sensitive and specific diagnostic tool not only for current CTS 
but also for the future development of CTS. Unfortunately, used on its own, 
electrodiagnostic testing is not the gold standard for diagnosing CTS. While the 
study did control for occupational hand use, they relied on a subjective definition 
and not on a scientifically quantified measure. The study found no statistically 
significant correlation with occupational hand use, gender, or clinical diagnosis. 
The Nathan study was able to associate increased age with increased prevalence of 
CTS, or the related median nerve slowing. The study fails to demonstrate a 
slowing of median nerve conduction in a cohort aging 5 years. 
In summary, most studies show an increase in CTS among older patients, 
though the methodology for demonstrating age as a risk factor is poor. The data 
available is consistent with the assertion that older individuals tend to have both 
more diagnosed CTS and an increased chance of having median nerve slowing. It 
can still be hypothesized that one of the affects of aging, is a generalized slowing 
of the median nerve, leading to either a direct cause for CTS or an increase risk 
state for developing CTS. There are however other diseases associated with 
aging, such as type 2 diabetes and hypothyroidism, that could also be causing 
median nerve slowing. These conditions, while being quite common, were not 
controlled for in any of the studies on aging. The adverse affects of both of these 
medical conditions accumulate over time and would thus also be expected to 
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increase with increased age. It is also possible that an accumulation of overuse or 
repetitive motion exposure is leading to a higher rates of CTS in older individuals. 
Both occupational exposure as well as concurrent medical disease must be 
appropriately controlled for when assessing age as a risk factor. Despite the 
number of studies looking at age, there have been no prospective studies that have 
appropriately controlled for occupational hand use. The one longitudinal study 
that attempted to control for occupation exposure, 19 failed to show an increased 
risk of developing CTS with age. 
GENDER 
It is often stated that women have a higher risk of developing CTS than do 
men. This statement must be carefully examined because of the many factors that 
contribute to its conclusion. It is clear that women are diagnosed with CTS more 
often than men in similar industries. 20 There is also a higher prevalence of CTS 
among employed women in the US population at large, being three times as likely 
to suffer from CTS than men.21 Women, however, have traditionally been 
assigned jobs that require less physical strength but require more repetitive 
movements. This difference in job placement has been detailed in poultry 
plants, 22 supermarkets, 23 and assembly plants.Z4 This discrepancy may account for 
a greater exposure to work place cumulative trauma among women. When the 
exposure discrepancy is taken into consideration, some studies have shown no 
association between gender and CTS. 20•21 Punnett et al25 reviewed five studies, 
looking at hand-wrist musculoskeletal disorder symptoms by gender, with 
exposures limited to video display work. They found no increased risk among 
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women in four of the six studies. There are many legitimate explanations for why 
women may have artificially higher rates than men. Four of these have been 
outlined by Messing et al:26 1) gender differences in hours worked, 2) gender-
specific task assignments within occupations, 3) gender differences in 
age/seniority, and 4) gender differences in tool and equipment interactions with 
job tasks. Added to this could be reporting and diagnostic differences between 
men and women. 
There are four cross sectional studies,'·'·11 •12 one case-control study/4 and one 
combined case-control and longitudinal study19 that assess the association 
between gender and CTS. The four cross-sectional studies have been described in 
the previous two sections relating to their findings on obesity and age. With 
regards to gender distribution, Tanaka et a!' finds that subjects with MC-CTS 
were 2.3 times more likely to be female, OR=2.31 (CI 1.48-3.6). Subjects with 
self-reported CTS SR-CTS, had a 2.09 greater likelihood of being female, 
OR=2.09 (CI 1.64-2.68). The paper benefits from its large size 30,074 
participants. The authors used a self-reported occupational exposure to 
bending/twisting or vibration as a control variable. This is not sufficient enough 
to properly categorize people into jobs with high repetitive trauma vs. low and to 
differentiate between job types that may pose greater risk than others. It cannot be 
ascertained from the study what the actual job types were or the gender 
distribution between these tasks. 
Lam et al11 in their study of 655 surgically treated hands in New Zealand report 
that there were 2.4 times the number of females than males in the study, after 
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adjusting for the overall gender distribution in New Zealand. This study suffers 
from selection bias, recall bias, and failed to account for occupational exposure. It 
is also not generalizable to a US population. Atcheson et al'2 merely state that 
women are more likely to have CTS than men in their sample. The authors use 4 
categories of CTS definition of varying rigidity, and in the most stringent category 
the gender difference failed to reach statistical significance. 
Werner et al' in their study on BMI and its association with CTS demonstrate 
that gender differences influenced the outcome. In each category of weight: 
slender, normal, heavy, and obese, women were more likely than men to carry a 
CTS diagnosis, and the relationship was statistically significant. Despite this 
consistent finding, the paper is retrospective in nature and fails to control for 
occupational exposure. The study also looks only at cases referred for 
electrodiagnostic testing and is thus not representative of the general population. 
There is one cross sectional studies that look primarily at CTS and gender but 
that failed to meet inclusion criteria into this study because the results were not 
quantified.21 This cross sectional study, by McDiarmid et aF' attempts to address 
the issues confounding higher CTS rates among women. To determine rates of 
CTS the authors use two surveys, for the numerator they used the Bureau of Labor 
Statistics (BLS) 1996 annual survey of occupational injuries and a for the 
denominator they used the Current Population Survey (CPS). CPS is a monthly 
survey of about 50,000 households, which estimates employment and 
demographic information. Occupation was categorized into 6 categories: data key 
entry, assemblers, laborers-non-construction, packing and filling machine 
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operators, janitors and cleaners, and butchers and meat cutters. CTS was defined 
solely by a CTS diagnosis being given in the BLS data. What they found was that 
in 4/5 job categories that the male to female CTS ratio (when adjusted for hours 
worked and age) were less than one and reached statistical significance. The 
range for these ratios is 0.29-0.5. In other words, in these jobs women are 2-3 
times more likely to suffer from CTS, which is consistent with other studies on 
CTS and gender. In one job task however, data entry keyers, the male to female 
ratio of CTS rates was 1.06 (SE .785). In this work category it did not appear that 
there was any CTS rate difference between men and women. The authors argue 
that this is the only job description where there is truly only one task at hand, as 
opposed to the other job descriptions where there may be multiple available tasks 
and women may theoretically be placed in more repetitive jobs. They thus 
conclude that when the task is exactly the same, there is no difference between the 
rates of CTS among women and men. 
This study, like other cross sectional studies, is not able to make claims about 
risk factors or causation. The sample is large (nearly 30,000) and the authors are 
thus able to make statistically significant calculations. They are reliant on the 
information in the two surveys, BLS and CTS, in terms ofthe accuracy of the 
reporting and the ability to detect all of the cases. There are a lot of difficulties 
with relying on work related reporting due to factors that may artificially raise or 
lower reporting. The study also fails to account for other personal risk factors 
such as obesity and age. Despite this, information on subjects performing the 
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same job task is helpful in determining what the reason may be for the higher 
prevalence of women with CTS. 
Both previously detailed case-control studies14.I5 matched the cases and control 
using age and gender and are thus unable to analyze these variables in their 
conclusions, though they did it anyway. 
One cross sectional and longitudinal study, which has been previously 
described, analyzed gender and CTS. 19 Their study examined a cohort of patients 
followed in 1984 and again in 1989, included 942 hands of 471 subjects and had a 
follow up of 67%. The outcome that they looked at was median nerve slowing 
and not actual CTS diagnosis. They found no statistically significant differences 
between male and female hands in their sample. There was also no significant 
change over the five-year period between males and females. The study suffers 
from poor follow up in terms of the cohort data but if viewed as a prevalence 
study, it differs from other studies in not showing a higher prevalence among 
women. This may be due to its reliance on nerve slowing as opposed to CTS 
symptomology or just a variation in the study sample itself. They did categorize 
subjects into occupational usage groups but did not scientifically quantify the 
repetition involved. 
In summary, the six studies analyzing the relationship between gender and 
CTS have mixed results. Most of the studies were cross sectional studies and did 
show that women tended to be about twice as likely to receive a diagnosis of CTS. 
Female gender can thus be considered a risk factor for CTS. Any claim about 
causation can not be made however. There is evidence in fact that given the same 
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job task, men and women will have the same rates of CTS. 21•25 Two things must 
be accomplished in a study for a causation to be established. First a prospective 
study must be performed and second, all confounders must be controlled for. The 
second half of this equation is not simple given the multiple factors that have been 
presented as possible risk factors for CTS. Accounting for occupation as well as 
factors such as obesity, age, and concurrent medical disease is necessary in a well-
designed study on gender and CTS. Given the current evidence gender can be 
considered a risk factor though the reasons for its association with CTS are far 
from determined. 
RACE 
Most of the original studies performed on CTS were done in whites, as were 
many early scientific studies. This has led to an association between white race 
and CTS that may not be merited. Data entry and keyboard use was often the 
subject of early studies on CTS. This was perhaps due to the higher publicity 
given to 'mainstream' jobs. It has since been discovered, that CTS is a major 
problem in other industries such as meat processing and assembly line work, 
which may be contain a much higher percentage of Black, Latino, or Asian 
employees. Few studies have specifically looked at these industries. It is thus 
difficult to make a true claim with regards to race as a risk factor for CTS. It is 
difficult to come up with a theoretical argument that would cause race to be a risk 
factor for CTS. There could be a difference between the anatomy of the carpal 
tunnel (i.e. a narrowing), which would place one group at a higher risk than 
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another. There have been no pathological studies that would suggest or confirm 
this. It is much more likely that the predominance of one racial group in a certain 
industry would lead to an artificial indication that there is a racial difference in the 
risk of acquiring CTS. 
A study by Tanaka et al9 demonstrates some of the difficulties in linking race 
and CTS. This previously described cross sectional study examined 30,074 
'recent workers' as described by the National Health Interview Survey (NHIS).27 
They categorized race into white and non-white subjects by self-reporting. CTS 
diagnosis was defined as either self-reported (SR-CTS) or medically-called (MC-
CTS), both relying on reporting from the subject. They report that for SR-CTS 
the odds ratio for being white is 2.24 (CI 1.44-3.5), while the odds ratio of being 
white with MC-CTS was 16.69 (CI 5.22-53.32). With only 5 non-white cases of 
MC-CTS, the high OR is obviously due to an inadequate sample. For the less 
specific diagnosis of SR-CTS there were 37 non-white cases and 404 white cases. 
The study did control for BMI, age, self-described work exposure, gender, 
smoking, education, and income. It is difficult to draw conclusions from a study 
with a clear majority of white vs. non-white participants. It raises questions as to 
why the NHIS, which is a government sponsored survey, is so heavily targeting a 
white population. It also calls into question the generalizability of the study as a 
whole. 
In summary, no specific conclusion can be drawn about race as a risk factor for 
CTS. There have been no studies comparing races in different occupations and 
with equal number of participants in each race category. The very large 
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BLS/NHIS prevalence study showed that as a study population whites were 1.8 
times more likely than non-whites to have reported CTS (95% CI 1.43-2.19). 4 
Despite not being well understood, the difference in rates between races may 
include factors such as the degree of awareness of CTS in certain industries as 
well as less access to health care and thus diagnosis. There has also not been a 
reasonable explanation put forward as to why one race would have an absolute 
higher risk of developing CTS. 
TOBACCO, CAFFEINE, AND ALCOHOL USE 
A few studies have examined the role of the three major intoxicants in the 
development of CTS. It has been hypothesized that these substances may lead to 
median nerve slowing and thus be possible risk factors for developing CTS.28 I Chronic alcohol use is a known cause of peripheral neuropathies and has been an 
incidental finding in some patients with CTS29·30 while less definitive evidence 
exists for caffeine and tobacco use. 
Three cross sectional studies look at the effect of using of these drugs on CTS 
outcomes.'·10·27 The study by Nathan et al27 looks specifically at tobacco, caffeine, 
alcohol use, and CTS in I ,464 US workers in the pacific northwest. The workers' 
compensation patients (n=808) were volunteers who presented to clinic for upper 
extremity evaluations. The non-claimant workers (n=656) were primarily from 
five work sites: aluminum reduction plant, creamery, cable plant, state university, 
and a steel mill. The aluminum plant and creamery had asked the investigators to 
do a study on CTS in industry while the cable plant became aware of the study 
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and asked to sign on secondarily. Clerical workers were recruited from the state 
university and the steel mill was part of a 10-year follow up study. Definite CTS 
was defined by positive symptoms combined with a positive nerve conduction 
study while probable CTS was considered by symptoms alone, consisting of either 
two or more specific symptoms (numbness, tingling, or nocturnal awakening) or 
one specific and two or more non-specific symptoms (pain, tightness, or 
clumsiness). The presence of median nerve slowing without diagnosed CTS was 
also recorded. Patients with carpal tunnel release surgery were considered to have 
definite CTS. Smoking was rated from none to heavy (21-60 cig./day) on a 5-
point scale, with 5 being an x-smoker. Caffeine was rated from none to very 
heavy (> 11 drinks/day) on a 5 point scale. Ethanol use was rated from none to 
heavy (31 drinks/mo.) on a 5-point scale. The authors looked at the effect of all 
three of these drugs alone as well as combination of the drugs on definite CTS 
prevalence. The results were dichotomized between male and female participants. 
The results show that there was a statistically significant increase in definite CTS 
among smokers, caffeine users, and non-alcohol users, when compared to all other 
categories in their respective groups. That is that non-smokers had statistically 
significant less definite CTS than any other category of smoker, non-caffeine 
users had statistically significant less definite CTS than any other category of 
current user, and non-users of alcohol had statistically significant more definite 
CTS than any other use category. Alcohol abusers, however, had statistically 
more definite CTS than did non-abusers. The same trends all held for the 
outcomes of median nerve slowing and CTS by symptoms alone. Using stepwise 
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regression analysis the authors found that the three drug variables predicted 5.0% 
of the explainable risk for definite CTS in women and 3.0% ofthe explainable 
risk in men. The paper suffers from selection bias since only certain participants 
are likely to show up to the clinic and they were not randomly selected. This 
paper is a prevalence study and is thus unable to determine cause and effect. It is 
certainly possible that people with tobacco and alcohol abuse are more likely to 
seek medical attention for CTS symptoms. CTS disability may also lead to 
heavier use of tobacco, caffeine or alcohol. It is also likely that workers in more 
routine and repetitive jobs are more likely to utilize legal drugs, this was actually 
stated as an observation in the paper. Another possibility is that tobacco and 
caffeine are among the risk factors for developing CTS. Alcohol appeared to 
actually have a protective effect. Given the multiple explanations and the 
impossibility of clarifying them through this paper, one can only claim an 
association between tobacco and caffeine use and alcohol abuse with CTS 
diagnosis. 
The other two cross-sectional studies only looked at tobacco use as a potential 
risk factor for CTS. 9•10 The paper by Tanaka et al9 reports a 1.6 times risk of 
smoking amongst MC-CTS, 0R=I.64 (CI 1.03-2.62). The risk amongst SR-CTS 
did not reach statistical significance, OR=I.28 (CI 0.97-1.69). Smoking is defined 
as 'ever smoked' (>I 00 cig.) vs. 'never smoked.' The loose definition of smoking 
and the confidence interval that just barely reaches statistical significance are 
unimpressive figures. Again, as a cross sectional study, the true cause vs. effect in 
this case cannot be determined. The other study by Vessey et al. 10 is a cross 
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sectional survey of 154 British women of childbearing age. The sample was 
obtained by selecting the patients that were referred for hospital management of 
their condition from among the 17,032 persons taking part in the Oxford-Family 
planning Association contraceptive program. This sample is not representative of 
the general population or of the CTS population, given the necessity of hospital 
admission to receive aCTS diagnosis. Cigarette smoking was categorized into 4 
categories from never smoked or x-smoker to >25 cigarettes per day. Adjusted 
OR's were calculated by adjusting for age, total duration of oral contraceptive use 
and Quetlet's index (a measurement similar to BMI). In women aged 20-44 the 
OR's ranged from .45 for the lowest smoking group to 1.24 for the most frequent 
smokers. In women aged >45, the OR's ranged from 1.28 for the lowest smoking 
group to 4.34 for the most frequent smokers. The trend from light smoker to 
heavier smoker was statistically significant. The paper suffers from the severity of 
the cases included, the inability to confirm the diagnosis other than reliance on 
charts, and the small number of cases. After stratifying for age and smoking 
status, only 5 cases were young heavy smokers and only 3 were older heavy 
smokers. It is impossible to make substantial claims about samples of this size. 
In summary, cigarette smoking appears to be a risk factor for CTS, as 
evidenced by three studies. Caffeine appears to be associated with CTS in one 
study and alcohol use appears to be negatively associated with CTS. All of the 
studies presented had significant limitations of construct and even the associations 
should not be overstated. Even accepting an association, however, does nothing 
to claim that these legal drugs may be causing CTS. As mentioned previously, 
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there may be a number of reasons why the legal drug use may be linked to CTS 
diagnosis. It is thus impossible to conclude that usage of any of these legal drugs 
either puts someone at risk for CTS or has protective effects. 
CONCURRENT MEDICAL ILLNESS 
Many conditions have been put forward as either causes or risk factors for 
developing CTS. These include but are not limited to type II diabetes,34'31 thyroid 
disease,31•32•33•34 any form of inflammation from autoimmune or an infectious 
process, 55•35•36•37 osteoarthritis of the wrist, vitamin deficiencies/8•39 chronic renal 
failure and hemodialysis,34 poor physical fitness,40 and high estrogen states.21 
Much of the evidence regarding associations of CTS and these disorders has come 
from case reports and medical review articles which have combined theoretical 
and observed data to link the two disorders. Some of the disorders provide direct 
causal links that do not require extensive epidemiological research to elucidate. 
For example, if an otherwise healthy young patient develops symptoms of median 
nerve entrapment and is found to have a septic joint contaminated with Nisseria 
gonorrhea, which resolves with treatment, it is safe to assume the septic arthritis 
led to the patients CTS. Other than septic arthritis,37 caused by N. gonorrhea, S. 
aureus, Strep. spp., and other gram-negative organisms, Hepatitis C infection has 
also been linked with CTS. 35•36 Diabetes has been shown to be a cause of 
neuropathy secondary to the deposition of sugars in the microvasculature and 
subsequent death of end organs such as nerves. One study performed in 
Rochester, New York showed a 34% prevalence of CTS among patients with 
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diabetic neuropathy. 41 The precise risk of diabetes and CTS has not been 
quantified but it is clear that chronic diabetes with poor treatment can lead to CTS 
through a median nerve neuropathy. 12 Dialysis patients have also been shown to 
have higher than normal rates of CTS when compared to non-diabetic controls. 34•42 
This may be due to the deposition of B-2 micro globulin in the carpal tunnel. 42 
Some cross sectional studies have included a search for related disorders in 
their examination of CTS. Atcheson et al12 performed a medical chart review of 
297 continuous patients referred for upper extremity discomfort. They used four 
different categories of CTS diagnosis of varying stringency: 1) previously 
diagnosed with CTS, 2) NIOSH criteria,'3 3) clinical assessment, and 4) positive 
Phalen and Tinnel' s sign as well as a probable median nerve neuropathy 
distribution. One hundred and nine separate diseases capable of causing arm pain, 
CTS, or median neuropathy were identified in 98 patients, representing 33% of 
the total patients. The most common conditions were diabetes and 
hypothyroidism, with inflammatory conditions, osteoarthritis and acute trauma 
rounding out the conditions. Each CTS case was tested for medical disease, 
obesity, age, gender, and each of 9 job categories against that patients who 
presented but were not diagnosed with CTS. 
The results showed that CTS patients had statistically significant ORs between 
2-4 (extracted from graph, exact figures not given) for the presence of a 
concurrent medical condition when compared to subjects without CTS. When 
concurrent medical disease was combined with obesity as one variable, the OR for 
all CTS diagnostic categories was >3.15 (CI 1.78-5.57 P<.001). The authors 
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argue that while no proof of causation can be given due to the nature of the study, 
the presence of medical conditions capable of causing CTS at a higher percentage 
in CTS patients than non-CTS patients may mean that work related CTS diagnosis 
are given at the expense of medically caused CTS. The exact effect of the 
concurrent medical illnesses cannot be known. It is possible that the concurrent 
illnesses led to a state of increased susceptibility, which was manifested as work-
related CTS. It is also possible that some of the CTS may have had a direct 
medical cause that was missed. 
The paper suffers from a possible referral bias. The authors attempt to address 
this issue by showing no difference of concurrent medical illness among the 
referral sites. A referred sample is still going to be different than a randomly 
selected sample. The case numbers are not extremely large (n=149 CTS cases). 
The paper also does not give an indication of how long that the subjects may have 
had hypothyroidism and diabetes, which would be important indicators to 
establish a cause for the CTS. In summary, the paper points out the need for a 
more thorough examination of a CTS patient to rule out potentially treatable 
medical causes for the disorder. It does not, however, link these disorders as 
being risk factors for CTS or exclude other causes of the CTS such as 
occupational exposure. 
The study of British women by Vessey et aP0 (previously detailed) shows that 
among the cases, the only statistically significant associated medical condition 
were menstrual disorders. No reason for this association is given. The study 
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suffered from a small sample size and by the severe nature of CTS included in the 
study. 
The case-control study by Solomon et al34 examined multiple medical 
conditions and their assessment of CTS risk factors. The paper examined 
enrollees in the New Jersey Medicare and Medicaid programs between 1989 and 
1991. They selected all cases of CTS release surgery to be the cases and for every 
case selected 6 controls frequency matched for age and gender. The presence of 
concurrent medical conditions was confirmed by using lCD or diagnostic codes. 
Univariate analysis was used to determine significant variables. The variables 
were then entered into a multivariate logistic regression model for final analysis. 
Of the 115,205 eligible patients, 627 cases and 3,740 controls were selected. The 
following adjusted odds ratios were determined: inflammatory arthritis-3.1 (CI 
2.2-4.2), diabetes mellitus-1.4 (CI 1.2-1.8), hypothyroidism-1.7 (CI 1.1-2.8), and 
hemodialysis-9.0 (CI 4.2-19.6). Therefore, inflammatory arthritis, diabetes, 
hypothyroidism, and hemodialysis are all statistically more common among 
patients undergoing carpal tunnel surgical release. Patients taking thyroid 
replacement medications were shown not to have an increase risk of CTS surgery, 
indicating a potential improvement of the median nerve disorder with treatment of 
the thyroid disorder. 
The study is the largest of its kind, allowing for examination of multiple 
conditions. It suffers in that it only utilized patients undergoing CTS surgery, 
which may represent a sicker group than the rest of CTS patients. The authors 
relied on lCD codes and not on a chart review, which may give misleading 
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information about a patients true condition. Finally. this paper did not account at 
all for occupational exposure, which could severely confound the paper's results. 
Despite these drawbacks, this paper provides further evidence that concurrent 
medical conditions should be considered risk factors for developing CTS. 
Two studies examine the roll of Vitamin B6 and Vitamin C status in CTS. 38•39 
Several small studies or case studies have linked Vitamin B6 deficiency with 
CTS38 and many physicians empirically treat patients with vitamin replacement as 
part of their therapy. Most of these earlier studies were very small and had 
significant epidemiological problems. Franzblau et al38 recruited blue-collar 
workers from two auto parts plants. The patients underwent a history and physical 
examination as well as nerve conduction studies in the wrist. Blood was drawn 
for vitamin B6 measurements. The sample consisted of 125 subjects, 65% of 
whom were women, with a mean age of 37 years. Thirty-one participants (24.8%) 
were found to have median nerve slowing and 10 subjects had had low vitamin B6 
levels. 
Simple linear regression showed no statistical correlation between low vitamin 
B6levels and median nerve slowing. Likewise, there was no statistical correlation 
between low vitamin B6levels and CTS symptoms. While larger than many 
studies on the subject, this study may still be too small to detect a relationship 
between Vitamin B6 and CTS. The study also failed to account for occupational 
exposure, presumably they assumed that all of the workers had the same exposure. 
The authors also failed to account for other potential confounders such as obesity 
and other medical conditions. 
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The second study, by Keniston et al,"looked at the relationship of vitamin B6, 
vitamin C and CTS. As in the Nathan, et al. study on tobacco, 27 this study 
recruited its' participants from six Pacific Northwest industries as well as from a 
university exercise study. The study included 441 volunteers, the majority of 
whom were from industry. Definite CTS was defined as two or more specific 
hand/wrist symptoms (numbness, tingling, nocturnal awakening) and an abnormal 
nerve conduction study (NCS). Confirmed CTS required all three symptoms on a 
daily basis and an abnormal NCS in the same hand. The interview was used to 
determine vitamin supplement use and BMI. Blood was drawn to measure 
vitamin levels and alkaline phosphatase levels. Multiple linear regression was 
used to measure associations between vitamin status and CTS while controlling 
for age, gender, cigarette use, and BMl The authors used a number of vitamin 
variables in their analysis, including B6Ieve!s, Vitamin C levels, logs of each 
vitamin, and ratios of both the absolute levels and the log levels, resulting in a 
medley of difficult to interpret results. Overall, there was no statistical correlation 
between Vitamin B6 levels and CTS diagnosis. 
In summary, multiple medical conditions may play a role in the pathogenesis 
of CTS. Although there is clinical data, pathological data, and physician 
experience with these disorders and CTS, there is only preliminary data in the risk 
factor literature linking these disorders with CTS. Prevalence studies have linked 
diabetes, inflammatory conditions, hypothyroidism, and hemodialysis to CTS 
cases. On top of that, pathological and medical data has demonstrated 
mechanisms by which these diseases can lead to a neuropathy such as CTS. The 
41 
combination of these two conditions should lead any researcher to take these 
conditions seriously when dealing with a sample with concurrent medical illness. 
Unfortunately, it is not clear what the cumulative effect of these medical 
conditions is on the prevalence if CTS. Given the multifactorial nature of the 
etiology of CTS, these conditions are likely an important contributor to some CTS 
cases. It also emphasizes an important aspect of CTS research, that trying to 
identify a single cause for the disorder in all cases will likely prove futile. 
PREGNANCY 
Three studies discuss pregnancy as a cause of CTS. A majority of CTS cases 
are diagnosed in women during their childbearing years and CTS has been shown 
to develop transiently in pregnant women.10 Knowing the percentage of women 
whom develop the disorder during pregnancy would aid researchers in deciding 
whether or not it deserves to be controlled for. Pregnancy of course is an easy, 
accurate and relatively cheap state to diagnose. Case reports of CTS developed 
during pregnancy are common but tend to be self-limited. The mechanism is 
presumed to be fluid retention in the carpal tunnel. Other possibilities include 
hormonal changes, weight gain, and repetitive activities. 
The study by Vessey et al'0 analyzes the Oxford-Family Planning Association 
(0-FP A) contraceptive study to gain information regarding. The study involved a 
recruitment of 17,032 women from family planning clinics between the years 
1968-74. The women were all aged 25-39 years, married, white, and British. 
They were required to be on either oral contraception or barrier protection at the 
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time of enrollment. The women were followed through visits and interviews with 
a .3% attrition rate per year. Information was gathered on all participants 
regarding pregnancy, pregnancy outcome, and other health complaints. CTS was 
not a disorder the original study intended to assess, and all of the diagnosis 
recorded are for cases serious enough to warrant inpatient or outpatient diagnosis. 
There is no confirmation of the diagnosis and no indication of the standards used 
to make the diagnosis. Yeates discovered !54 cases ofCTS. A case-control study 
analysis was performed which compared aCTS case with an age and recruitment-
period matched control. Preliminary analysis of the data showed no associations 
between first hospital referral for CTS and parity, or interval since last pregnancy. 
Only one woman was referred to the hospital for CTS while she was pregnant. 
They thus ignored these variables in all of their further analysis. This study 
confirms that CTS during pregnancy is a relatively rare event. This study did not 
control for work exposure in their analysis. 
Stolp-Smith et al44 performed a retrospective chart review of the Rochester 
Epidemiology project database to determine the frequency, severity, prognosis, 
and patterns of CTS in pregnancy. The study was performed at the Mayo clinic to 
identify all cases of CTS in pregnancy between 1987 and 1992. Of the 10,873 
pregnant patients for 14,579 pregnancies 50 (0.34%) met the inclusion criteria of 
having a new CTS diagnosis while pregnant. Each trimester was equally 
distributed with onset of symptoms while a majority of actual CTS diagnosis were 
made in the third trimester (50%). Only nine patients underwent nerve conduction 
studies and all had abnormal median nerve latencies. Thirty-seven women were 
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treated non-operatively with only four of these eventually requiring surgery. The 
other thirteen patients received no treatment during pregnancy with ten having 
complete resolution of symptoms and three required surgery. The authors 
conclude that true CTS is less common in pregnancy than the 2.3-4.6% that had 
been previously reported. 45•46 They also state that CTS during pregnancy will often 
respond to conservative management with post-partum resolution and that surgery 
should be reserved for refractory cases. 
ESTROGEN SURROGATE MARKERS- PARITY, OCP USE, AND HRT USE 
Parity is defined as having been in the state of pregnancy. The number of 
pregnancies that a woman has during her cumulative life will result in a parity of 
1 ,2,3 etc. It has been hypothesized that estrogen may be a mediator in the 
development of CTS. Women naturally are in a relatively higher estrogen state 
than men. Pregnancy exposes the female body to even higher cumulative levels of 
estrogen and parity has thus been hypothesized as a potential risk factor for 
developing CTS. That is assuming the possibility that estrogen may even play a 
role, which has not been directly demonstrated in any studies. Other surrogate-
estrogen markers such as hormone replacement therapy (HRT) and oral 
contraceptive pill use (OCP) has been analyzed as well to elucidate the role that 
estrogen might play. Of course, aging itself exposes the body to higher and higher 
cumulative levels of estrogen. 
Two studies address parity. The first study by Roquelaure et al 14 is a 
retrospective case control study utilizing 65 workers with CTS matched for age, 
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gender and plant location to 65 controls. The sample was from a French industrial 
city. The study found significant associations between force and repetition of 
work activity and found significantly higher CTS in women who had born 3 or 
more children, OR =3.2, SD=l. The study suffered from a small sample size and 
failed to report confidence intervals or absolute numbers that suffered in each 
group. It also failed to clearly define the definition of CTS utilized in the study. It 
is difficult to draw a conclusion one way or the other with the information given. 
For example, it could well be that the few women with higher parity suffered from 
CTS from the increase demand that caring the children placed upon her. It is also 
stated in the Roquelaure paper that oral contraceptive pill ( OCP) use showed no 
correlation with CTS. 
The previously discussed study by Vessey et al10 found no correlation with 
parity among the women in their large cross sectional study. They did however 
find a significant association with OCP use. Although the data is not presented, 
they state that duration of OCP use, provided that the preparation contained >50 
J..lg of estrogen, was positively correlated with a hospital referral for CTS. They 
calculated an adjusted X2 of 6.7(p<.Ol) for both women under and over 45 for 
total contraceptive use of> 120 months compared to none. 
The only study to comment on hormone replacement therapy (HRT) was the 
case-control study by Solomon et al. 32 The study is a retrospective review of all 
New Jersey Medicaid cases of carpal tunnel release surgery between 1989 and 
1991. The cases were age and gender matched with controls. This study is 
limited of course to the most severe cases of CTS, those requiring surgery. There 
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were 627 cases and 3,740 controls. There were only 5 cases that used HRT and 3 
controls. Given these very small numbers, the risk was calculated at an adjusted 
0R=l.8 (95% CI, 1.0-3.2). While the results may be intriguing, the small 
numbers and the fact that the confidence interval includes 1.0 does not allow a 
strong statement about HRT and CTS to be made. 
With regards to OCP use and parity, there are conflicting data from the two 
available studies. The Roquelaure study 14 is limited primarily by size while the 
Vessey10 review is substantial enough to have approximately 20 cases with CTS 
and the given exposure. Their conclusion that parity is not a risk factor for CTS 
while OCP use does present some risk must be taken as preliminary at best. The 
study is however very large and was carried out for a great length of time, 
enabling it to evaluate OCP use. It may be difficult for studies to be performed 
that examine the question much better than by using available large patient 
cohorts. 
Discussion 
For the purpose of this paper, anon-occupational risk factor has been defined 
as any factor that holds a statistically significant association with CTS after 
controlling for confounding variables. To that end, we have identified multiple 
non-occupational risk factors for CTS. Obesity is consistently associated with 
higher rates of CTS in all but a single study. Increasing age is also associated 
with significantly greater number of CTS cases, particularly past the age of 40. 
Female gender is often linked with higher rates of CTS though more and more 
evidence is mounting to demonstrate that this rate may be artificially high due to 
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social issues. Tobacco use is also positively associated with aCTS diagnosis in 
three of three reviewed studies. Alcohol abuse and caffeine use has been 
positively associated with CTS in a single study. Other factors that have limited 
evidence to support a positive association with CTS include oral contraceptive 
use, parity, diabetes, inflanunatory arthritis, hypothyroidism, dialysis use, 
pregnancy, and wrist dimension. Factors that have shown no relationship with 
CTS to date include hormone replacement therapy and levels of Vitamin B6 in the 
blood. 
There are significant flaws in the present literature that limits the conclusions 
that can be drawn. Firstly, while four of fifteen studies attempted to measure 
exposure to repetitive motion, none of the studies fully controlled for its presence. 
Given the substantial risk posed by repetitive tasks, failing to measure and control 
for work place exposure is a critical flaw. The nature ofthe study design in many 
cases (retrospective) did not enable the researchers to appropriately measure work 
exposure. In addition, I believe that researchers in this field tend to be 
dichotomized between those that accept work-place exposure as a significant risk 
and those that are setting out to demonstrate that non-occupational risk factors 
pose an equal if not greater risk for developing CTS. The danger of falling into 
the latter camp is that ignoring repetitive motion exposure introduces a serious 
flaw into the methods of a scientific paper. 
Additionally, the failure to utilize a consensus diagnosis for CTS weakens the 
ability to interpret individual studies as well as the ability to combine studies into 
a larger body of evidence. Of the fifteen studies, the only studies that used the 
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same definition criteria for CTS were the ones performed by the same author, 
Nathan.13•19•27 Part of the difficulty in attaining this goal is that there is no current 
gold standard definition established by the research community. Carpal tunnel 
syndrome is experienced differently by different patients making strict clinical 
criteria difficult to establish. In addition, measuring slowing of conduction 
through the median nerve is not a precise method for establishing a CTS 
diagnosis. Patients will often have symptoms of CTS with minimal slowing or 
significant slowing without physical symptoms. The sensitivities for 
electrodiagnosis have been quoted between 0.49 and 0.84 while some methods 
have reported sensitivities up to 0.95.47 
A recent review article attempted to establish standardized criteria for the 
diagnosis of CTS in epidemiological studies. A number of experts in the field 
developed what they titled, "Consensus Criteria for the Classification of Carpal 
Tunnel Syndrome in Epidemiological Studies."48 Their conclusion is that if at all 
possible, a constellation of symptoms in the first 3 digits of the hand should be 
combined with a positive result on electrodiagnostic testing to establish a 
diagnosis of CTS. A diagnosis falling short of these minimum requirements may 
miss or include a significant number of CTS cases incorrectly. 
Finally, it is important to note that even though studies have demonstrated a 
positive association between non-occupational risk factors and CTS, there is very 
little evidence placing these risk factors in the causal pathway for developing 
CTS. In order to establish such a link it is necessary to establish a temporal 
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relationship between the risk factors and the outcome. Retrospective studies are 
unable to achieve this goal. 
We have determined that a number of factors seem to be present at a higher 
rate in people with CTS. It is impossible to determine, however, whether these 
associations are truly leading to CTS in a particular patient or whether there may 
be other reasons that the factor is more common in this sample. For example, the 
higher rate of CTS in women could be due to a predisposition towards CTS or due 
to other factors that put women place women in higher risk jobs. These types of 
questions can only be asked and answered at the theoretical level without the 
proper studies. 
Further Research 
A few things need to be done to improve on the available data and to delineate 
the difference between an association and a risk factor better. It would be 
impossible to tackle all potential risk factors in a single study but certain design 
features need to be incorporated into the studies. Firstly, future studies observing 
samples in a retrospective manner will not aid in determining which factors are 
truly risk factors. Future studies need to be prospective in nature. 
For factors that cannot be controlled by researchers, it may be possible to 
establish a dose response-curve. A dose-response curve is established when one 
can establish that an increase in variable exposure leads to a corresponding 
increase or decrease in the outcome of interest. This level of association allows 
for a more direct comparison of the variable with the outcome, enabling one to 
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surmise causation. This type of curve is most often utilized in the study of 
medications, where the level of medication in the body is easily controllable and 
physiological outcomes are easily measurable. In CTS studies, variables that lend 
themselves to a dose response study could include obesity, 
tobacco/caffeine/alcohol use, oral contraceptive use, and corticosteroid use. 
Another way to establish a variable as a risk factor is to demonstrate that by 
altering the variable the outcome (CTS) is also altered, such as in a modification 
of risk factors study. For example, if it could be demonstrated in an obese sample 
that a cohort of participants that lost weight also decreased the amount of CTS 
among them than obesity could be established as a true risk factor. Of course, all 
of the study designs mentioned assume that other potential confounders are 
appropriately measured and controlled for. When studying non-occupational risk 
factors, it is absolutely essential that exposure to repetitive motion is measured 
and controlled for. 
Prospective studies alone will allow for assessment of such risk factors as 
gender. Thus far in the CTS literature, the association between gender and CTS is 
based primarily on factual data that more women are diagnosed with CTS. A well 
designed prospective study will be able to control for exposure to repetitive 
motion, obesity, age and other factors while isolating gender in an attempt to 
determine whether it is a true risk factor or not. 
When designing a study on non-occupational risk factors, all of the following 
must be adhered to. The variable of interest and the outcomes of interest must be 
clearly defined. The outcome, CTS, must have a well-outlined, consistent and 
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reproducible means of diagnosis. Ideally, all future prospective studies will adopt 
consensus criteria for diagnosing CTS. All potential confounders must be 
measured and controlled for. Since it is not yet clear which associations with CTS 
are actual risk factors, it is advisable to control for as many of the aforementioned 
variables as possible. 
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TABLE 1. Highest inCidence rates1 Of disorders associated with repeated trauma, private industry, 2000 
lndustry2 
Meat packing plants. .. .......................................... .. 
Motor vehicles and car bodies ............................................ . 
Poultry slaughtering and processing ................................... . 
Automotive and apparel trimmings ................................ .. 
Fabricated textile products, n.e.c ..................................... . 
Sausages and other prepared meats ................................. . 
Public building and related furniture ................................... . 
Engine electrical equipment .............................................. .. 
Men's footwear, except athletic .......................... .. 
Automotive stampings ....................................................... . 
Dental equipment and supplies ......................................... .. 
Men's and boys'"trousers and slacks .................................... . 
Motor vehicle parts and accessories ................................... . 
Leather tanning and finishing ............................................ .. 
Aircraft ............................................................................... .. 
Pens and mechanical pencils ................... .. .............. .. 
Motor homes ....................................................................... . 
Dolls and stuffed toys .......................................................... . 
Household appliances, n.e.c ............................................... . 
Commercial lighting fixtur.es .......................................... . 
Household vacuum cleaners ............................................. .. 
Men's and boys' work clothing ........................................... .. 
Household refrigerators and freezers .................................. . 
Ship building and repairing ........................ .. 
Hosiery, n.e.c. .. . ......................................................... . 
Private indu.Stry6 ............................. .. 
SIC 
code3 
2011 
3711 
2015 
2396 
2399 
2013 
253 
3694 
3143 
3465 
3843 
2325 
3714 
311 
3721 
3951 
3716 
3942 
3639 
3646 
3635 
2326 
3632 
3731 
2252 
1 The incidence rates represent the number of i!Jnesses per 10,000 full-time 
workers and were calculated as: (N/EH) x 20,000,000, where 
N 
EH 
20,000,000 
number of illnesses 
total hours worked by all employees during 
the calendar year 
base for 10,000 equivalent full-time workers 
(working 40 hours per week, 50 weeks 
per year) 
2 High rate industries were those having the 25 highest incidence rates for 
illness cases of disorders associated with repeated trauma at the most detailed 
or lowest SIC level at which rates are calculated and published. Generally, 
manufacturing industries were calculated at the 4-digit code level and the 
2000 Incidence· 
Annual rate 
average 
employment4 1999 2000 (000) 
148.1 912.5 812.0 
353.5 5685.5 5726.9 
253.2 337.1 374.0 
62.8 5213.0 5328.7 
30.0 .208.6 286.0 
103.8 5185.9 5274.2 
53.7 255.9 273.7 
67.4 328.0 258.2. 
16.0 329.0 256.7 
122.6 252.0 240.9 
15.7 558.3 5232.1 
39.7 405.0 224.8 
549.7 250.2 221.1 
10.9 181.8 199.2 
233.8 5213.1 5187.8 
8.3 140.8 179.4 
21.9 179.0 
4.7 178.8 
12.9 154.1 170.8 
28.6 64.5 169.8 
11.9 169.4 
25.5 118.0 169.3 
28.6 5344.4 5160.8 
97.1 137.8 154.7 
34.3 186.2 149.0 
110,064.9 27.3 26.3 
remaining industries at the 3-digit level based on the Standard Industrial 
Classification Manual, 1987 Edition. 
3 Standard Industrial Classification Manual, 1987 Edition. 
4 Employment is expressed as an annual average and is derived primarily 
from the BLS-State Covered Employment and Wages program. 
5 A statistical significance test indicates that the difference between the 
2000 incidence rate and the 1999 rate is statistically significant at the 95 percent 
confidence level. 
6 Excludes farms with fewer than 11 employees. 
NOTE: Dash indicates data not available. The n.e.c. abbreviation means 
that the category includes those components not elsewhere classified. 
SOURCE: Bureau of Labor Statistics, U.S. Department of labor 
December 2001 ·' 
TABLE 2.lndustries1 With the higheSt number of nonfatal illness cases of disorders associated with repeated trauma, private 
industry, 2000 
Industry 
Motor vehicles and equipment ................... .. 
Meat products ................ . 
Hospitals........ . ...................................... . 
Aircraft and parts ........................................................... .. 
Grocery stores ........................... . 
SIC 
code2 
371 
201 
806 
372 
541 
Miscellaneous plastics products, n.e.c. ................ 308 
Metal forgings and stampings ......... ,.. 346 
Telephone communications. ................... .......................... 481 
Miscellaneous fabricated textile products ... 239 
Offices and clinics of medical doctors ....... .................. ........ 801 
Electronic components and accessories 367 
Air transportation, scheduled ....... ........................ 451 
Medical instruments and supplies ......................... 384 
Medical ser.tice and health insurance ................. 632 
Fire, marine, and casualty insurance .................. ................ 633 
Miscellaneous electrical equipment & supplies .......... 369 
Refrigeration and. service machinery ......................... 358 
Ship and boat building and repairing ...................... 373 
Commercial banks ......................................... .................. 602 
Computer and data processing services .............................. 737 
Private industry5 ........................................ . 
1 Industries with the highest number of illness cases of disorders associated 
with repeated trauma were determined by analysis of the number of cases at 
the 3--digit SIC code leveL The analysis included those 3-digit industries which 
reported at least 2,000 cases of disorders associated with repeated trauma. 
2 Standard Industrial Classification Manual, 1987 Edition. 
3 Employment is expressed as an annual average and is derived primarily 
from the BLS-State Covered Employment and Wages program. 
4 A statistical significance test indicates that the difference between the 
2000 Number 
Annual (000) 
average 
employment3 1999 2000 (000) 
1,016.5 39.9 39.3 
505.1 25.5 25.2 
3,958.2 6.7 8.2 
463.1 4?.3 46.0 
3,069.2 4.1 5.4 
744.9 3.9 4.7 
254.9 4.1 3.9 
1,155.3 4.1 3.6 
214.3 42.6 43.5 
1,936.9 3.6 3.3 
681.9 3.7 3.0 
1,101.3 2.8 3.0 
283.7 2.6 3.0 
379.3 2.0 2.9 
548.0 2.0 2.7 
144.6 3.0 2.5 
212.3 2.5 2.4 
168.6 1.7 2.2 
1,428.9 2.2 2.1 
2,148.3 1.6 2.0 
110,064.9 246.7 241.8 
2000 count and the 1999 count is statistically significant at the 95 percent 
confidence level. 
5 Excludes fanns with fewer than 11 employees. 
NOTE: The n.e.c. abbreviation means that the category includes those 
components not elsewhere classified. 
SOURCE: Bureau of Labor Statistics, U.S. Department of Labor 
December 2001 
Table 3 Study Content Summary 
Study 
Tanaka, S et al31 
(1997) 
Roquelaure, Yet al14 
(1997) 
Population 
United States-National 
1988 
Angers, France 
1995 
Design 
Cross-sectional 
Data was analyzed from the 
1988 national health survey 
of the civilian population 
-44,423 surveys completed 
-30,074 included as "recent 
workers" 
Case-Control study 
-Cases were 65 workers 
with CTS 
-Controls were 65 referents 
matched for gender, age, 
and plant. 
Risk Factors Analyzed 
Race (white vs. non-white) 
Gender (female vs. male) 
BMI (<':25 vs. <25) 
Smoking (ever vs. never) 
Age (<':40 vs. <40) 
Education (>12 vs. S12yrs.) 
Income (<':$20K vs. <$20K) 
Parity (>3 children) 
Oral Contraceptive Use 
Household Chores 
Results 
Risk of Carpal Tunnel Syndrome 
(Odds Ratio with 95% CI if 
supplied) 
Self-reported Medical Dx 
CTS CTS 
2.24 (1.44;3.5)* 16.69(5.22;53.32)* 
2.09 (1.64;2.68)* 2.31 (1.48;3.60)* 
1.76 (1.37;2.27)* 2.00 (1.33;3.02)* 
1.28 (0.97;1.69) 1.64 (1.03;2.62)* 
1.35 (1.06;1.72)* 1.20 (0.81;1.77) 
1.43 (l.l1;1.83)* 1.17 (0.77;1.78) 
1.26 (0.95;1.67) 1.51 (0.95;2.41) 
3.2 (p<.001)* 
? (p=0.34) 
? (p=0.92) 
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Table 3 Study Content Summary 
Study 
Nathan, P A et a!" 
(1998) 
Werner, Ret al8 
(1994) 
Population 
Oregon 
1984 and 1989 
Michigan 
1991-1992 
Design Risk Factors Analyzed 
Cross-sectional and 
Longitudinal Cohort BMI (>30 vs. <25) 
-The study group included 
858 hands of 429 industrial 
workers who had nerve 
conduction studies in 1984 
at the Portland Hand 
Surgery Center. 630(67%) 
hands of316 workers were 
evaluated again in 1989. 
Cross-sectional BMI (>29 vs. <20) 
-The study group included 
949 subjects who were BMI (>25 vs. <20) 
referred to the University of 
Michigan for Age (>65 vs. <45) 
e1ectrodiagnostic testing of 
the wrist. Age (45-65 vs. <45) 
Gender (women vs. men) 
Results 
Risk of Carpal Tunnel Syndrome 
(Odds Ratio with 95% CI if 
supplied) 
Men 
1984 -5.5 (p<.001)* 
1989- 2.7 (p<.001)* 
8.2 (1.1;63)* 
2.9 (1.6;5.0)* 
2.0 (1.4;2.7)* 
1.4 (.9;2.2) 
1.5 (1.1 ;2.1)* 
Women 
3.2 (p<.001)* 
5.1 (p<.OOl)* 
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Atcheson, S et al 12 
(1998) 
Stallings, SP et al15 
(1997) 
Nevada 
November 1991-
May 1995 
Kentucky 
1990-1995 
Cross-sectional Concurrent Medical Disease 
-The medical records of 297 
patients with medically- Obesity (BMI not given) 
certified CTS were 
systematically searched for Disease or Obesity 
concurrent medical diseases. 
Risk of Carpal Tunnel Syndrome 
(Odds Ratio with 95% CI if 
snpplied) 
2.8 (p<.OOl)* 
1.5 (p>.05) 
3.15 (p<.OOl)* 
Increasing Age (years not given) 1.3 (p>.05) 
Gender (female vs. male) 1.8 (p>.05) 
Case-Control study BMI (>30 vs. <21) 
-Cases were 300 patients 
with positive findings on Age 
nerve conduction studies 
-Controls were 300 patients 
with negative nerve 
conduction studies 
-All patients were referred 
to the University of 
Louisville Department of 
Surgery for evaluation of 
hand/wrist complaints 
3.75 (3.17;4.44)* 
Case- 44.4 ± 11.6 y/o 
Control- 36.8 ± 9.4 y/o (p<.001)* 
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Table 3 Study Content Summary 
Study 
Vessey, MP et al10 
(1990) 
Solomon, DH et al32 
(1999) 
Population 
Oxford, England 
Recruitment 1968-74 
New Jersey 
1989-1991 
Design 
Prospective Cohort 
-Of the 17,032 women 
initially recruited between 
1968 and 1974, 154 were 
included in this study with a 
diagnosis of CTS 
Case-Control study 
-Cases-Patients in the New 
Jersey Medicaid, Medicare, 
and Pharmacy Assistance 
for the Aged and Disabled 
(PAAD) were screed by 
ICD-9 codes for open or 
endoscopic carpal tunnel 
release surgeries(n;627) 
-Controls-For every case six 
control subjects were 
matched by age and gender 
(n;3,740) 
Risk Factors Analyzed 
Cigarette Smoking 
(>25/day vs. never) 
Oral Contraceptive Use 
(>120 months of cumulative 
use vs. none) 
Quetlet's Obesity Index 
(>2.6 vs. < 2.0) 
Diabetes 
Hypothyroidism 
Inflammatory Arthritis 
Hemodialysis 
Pregnancy 
Corticosteroid Use 
Hormone Replacement Therapy 
Results 
Risk of Carpal Tunnel Syndrome 
(Odds Ratio witb 95% CI if 
supplied) 
20-44 years old 
7.6 (p<.Ol)* 
6.7 (p<.Ol)* 
7.0 (p<.Ol) 
1.4 (1.2;1.8)* 
1.7 (1.1 ;2.8)* 
3.1 (2.2;4.2)* 
9.0 (4.2;19.6)* 
not enough subjects 
1.6 (1.2;2.1)* 
1.8 (1.0;3.2) 
age >45 
4.4 (p<.05)* 
6.7 (p<.05)* 
4.0 (p<.05)* 
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Nathan, PA et al19 
(1992) 
Nathan, PA et al27 
(1996) 
Oregon 
1984 and 1989 
Oregon and 
Washington 
Cross-sectional and 
Longitudinal Cohort 
-The study group included 
858 hands of 429 industrial 
workers who had nerve 
conduction studies in 1984 
at the Portland Hand 
Surgery Center. 630 hands 
of 316 workers were 
evaluated again in 1989. 
(67% follow-up) 
Cross-sectional study 
-The subjects were obtained 
Age 
Gender (female vs. male) 
from two groups. 656 were Tobacco 
non-claimant workers that 
were recruited from local 
industry and 808 were Caffeine 
working patients referred 
for evaluation of hand/wrist Alcohol 
symptoms (n=l464) 
-All patients received nerve 
conduction studies 
Risk of Carpal Tunnel Syndrome 
(Odds Ratio with 95% CI if 
supplied) 
17-29 y/o 50-64 y/o 
15% with nerve 42% with 
conduction 
slowing 
nerve slowing 
(p<.OOl)* 
There were no significant changes 
between 1984 and 1989 
p> .05 
Definite CTS vs. No CTS 
26% greater if current use (p<.001)* 
29% greater if lifetime use (p<.OOl)* 
5% greater if current use (p<.OOl)* 
75% greater if history 
of abuse(p<.001)* 
14% lesser if current use (p<.OOl)* 
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Table 3 Study Content Summary 
Study 
Stolp-Smith, KA et al44 
(1998) 
Franzblau, A et al38 
(1996) 
Population 
Minnesota 
Mayo Clinic 
1987-1992 
Michigan 
Design 
Cross-sectional 
- I 0,873 patients received 
antenatal care at Mayo 
clinic between 1987 and 
1992 for 14,579 
pregnancies. A 
retrospective chart review 
was performed to identify 
new cases of CTS during 
pregnancy. n=50 met the 
inclusion criteria for CTS. 
Risk Factors Analyzed 
Pregnancy 
Cross-sectional study Vitamin B6 (low vs. normal) 
-Participants (n=125)were 
recruited from two unrelated 
companies in the 
Midwestern U.S. Nerve 
conduction studies were 
performed on all 
participants. Blood was 
drawn to assess Vitamin B6 
status. 
Results 
Risk of Carpal Tunnel Syndrome 
(Odds Ratio witb 95% CI if 
supplied) 
0.34% prevalence of CTS in pregnant 
population (no comparison group) 
There was no statistical correlation 
between Vitamin B6 blood levels and 
median or ulnar nerve function 
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Table 3 Study Content Summary 
Study 
Keniston, R et ae9 
(1997) 
Kouyoumdjian, JA et al16 
(2002) 
Population 
Oregon 
Brazil 
September 1998-
May 1999 
Design Risk Factors Analyzed 
Cross-sectional study Vitamin B6 
-Participants (n=441) were 
recruited from six industries 
as well as an unrelated Vitamin C 
ongoing study . Nerve 
conduction studies were 
performed on all subjects. 
Blood was drawn to assess Vitamin CNitamin B6 Ratio 
vitamin status 
Case-Control study 
-Cases-210 consecutive 
patients with an 
electrophysiologically 
confirmed diagnosis of 
symptomatic CTS were 
enrolled 
-Controls- 320 controls 
without any known disease 
were matched by age and 
gender 
BMI (cases vs. controls) 
Wrist Index 
(wrist depth/wrist width) 
Results 
Risk of Carpal Tunnel Syndrome 
(Odds Ratio with 95% CI if 
supplied) 
No statistical correlation with CTS 
diagnosis 
A statistically significant correlation 
was between defined CTS and a low 
Vitamin C level. (p=.003) * 
The Vitamin CNitamin B6 Ratio was 
associated with pain symptoms but 
not CTS diagnosis (p=.012)* 
All other variations of vitamin status 
were not correlated with CTS 
28.4 vs. 25.4 (p<.001)* 
0.706 vs. 0.689 (p<.OO!)* 
63 
''"'H' '''"'""'''''"' ,,,,,,,_,_ ''''ti•N4'"'!1'I~'"""'"'"l<'l"''' 
Table 3 Study Content Summary 
Study 
Lam, Net al 11 
(1998) 
* - Statistically significant 
CTS - Carpal Tunnel Syndrome 
BMI- Body Mass Index 
Population 
New Zealand 
1988-1992 
Design 
Cross-sectional study 
The initial study group 
consisted of 655 hands in 
512 patients who presented 
Risk Factors Analyzed 
Gender (female vs. male) 
BMI (>30 vs. <25) 
for evaluation of hand/wrist Age 
symptoms and required 
carpal tunnel release 
surgery. Of this group 96 
patients agreed to 
participate and completed 
the survey.(n;96) The 
characteristics obtained by 
the survey were compared 
with the national Life in 
New Zealand (LINZ) survey 
for use as a reference in age 
and gender distributions. 
Results 
Risk of Carpal Tunnel Syndrome 
(Odds Ratio with 95% CI if 
supplied) 
2.4 (p<.001)* 
2.0 (p<.OOl)* 
CTS prevalence increased with 
increasing age although statistical 
tests were not reported 
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Table 4 Study Quality Summary 
Study 
Tanaka, S et al' 1 
(1997) 
Roquelaure, Yet a1 14 
(1997) 
Nathan, PA et al 13 
(1998) 
Generalizability to a 
diverse U.S. 
o ulation 
Good 
Poor 
Average - subject 
demographics not 
commented on 
Control for 
occupational exposure 
Controlled for self-
reported 
bending/twisting of the 
wrists at work as well as 
vibration 
Controlled for total 
work time exposure 
None 
CTS definition 
1) Self reported "carpal 
tunnel syndrome" (SR-
CTS) 
2)Self reported 
"medically-called carpal 
tunnel syndrome'' 
(MC-CTS) ++ 
CTS diagnosed by a 
medical person, no other 
details were given 
++ 
Outcome = nerve 
conduction study. 
"Slowing defined as a 
median nerve maximum 
latency difference 
(MLD) of<: 40 ms 
Overall Weaknesses 
Cross-sectional design 
Subjective CTS 
definitions 
Subjective control of 
work exposure 
Small size 
CTS diagnosis is not 
validated 
Cross-sectional design 
No correlation of 
median nerve "slowing" 
with symptomatic CTS 
No control for 
+ occupational exposure 
Selection bias- all 
subjects initially 
reported for 
electrodiagnostic testing 
Overall Strengths 
Large 
Generalizable 
Assessed multiple risk 
factors variables 
Case-control design 
Attempted to control for 
work exposure 
Moderate size (n=429) 
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Table 4 Study Quality Summary 
Study Generalizability 
Werner, Ret al8 
(1994) 
Atcheson, Set al12 
(1998) 
Average- 56% female 
No other demographic 
data 
Average- working 
population 
All were workers' 
compensation referrals 
No demographic data 
Control for CTS definition 
occupational exposure 
None Combined increased 
median nerve latency 
(.5ms longer than the 
ulna nerve) with 
symptoms of CTS 
(symptoms utilized are 
not stated) 
+++ 
Overall Weaknesses 
Cross-sectional design 
Selection Bias- only 
949 of 6000 possible 
subjects were enrolled 
No control for 
occupational exposure 
CTS diagnosis not 
clearly defined 
Controlled for job type 
(i.e. industrial, clerical, 
data entry, ... ) 
Four separate Cross-sectional design 
definitions were studied 
1) Prior CTS physician 
diagnosis 
2) NIOSH criteria for 
work-related CTS34"26 
3) Examiners global 
assessment after 
thorough evaluation 
4) Clinical criteria 
requiring positive 
Tinnel sign or Phalen 
test paired with classic 
or probable median 
nerve distribution of 
symptoms +++ 
Not well controlled for 
occupational exposure 
Referral bias 
Overall Strengths 
Moderate size (n=949) 
Clear CTS diagnostic 
criteria 
Moderate size (n=297) 
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Table 4 Study Quality Summary 
Study Generalizability 
Stallings, SP et al15 
(1997) 
Vessey, MP et ae0 
(1990) 
Solomon, DH et al32 
(1999) 
Average- patients 
referred by physician 
for an independent 
exam 
Good 
Women 
British 
Only hospital referral 
patients 
Poor 
Surgical cases only 
Control for CTS definition 
occupational exposure 
None Nerve conduction 
studies. Parameters not 
given 
Nol!le 
None 
Only defined as 
receiving a hospital 
referral for CTS 
+ 
++ 
Cases requiring carpal 
tunnel release surgery 
++++ 
Overall Weaknesses 
Selection bias- of 
2,000 charts 300 were 
chosen by the 
researchers non-
randomly 
No control for 
occupational exposure 
Selected more severe 
cases by only looking 
for hospital referrals 
CTS diagnostic criteria 
unclear 
No control for 
occupational exposure 
Women only 
Selective group of CTS 
patients 
No control for 
occupational exposure 
Overall Strengths 
Case-control design 
Prospective cohort-long 
period of capture and 
observation 
Analyzed numerous risk 
factors 
Case-Control design 
Large size (n=627) 
Controls (n=3,740) 
No selection bias 
beyond inclusion 
criteria- all cases that 
qualified were analyzed 
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Table 4 Study Quality Summary 
Study Generalizability 
Nathan, P A et al19 
(1992) 
Nathan, PA et al27 
(1996) 
Good 
Working population 
54% male 
Good 
Working population 
46% female 
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Control for 
occupational exposure 
Controlled for 
subjective definition of 
level of wrist force 
resistance and level of 
wrist repetition at work 
(not detailed) 
None 
CTS definition Overall Weaknesses 
Two definitions Subjective occupational 
descriptions 
1 )Maximum latency 
difference of the median 
with ulna nerve of 0.4 
ms or greater 
2) Probable CTS -
based on clinical 
symptoms alone. Two 
primary symptoms 
(numbness, tingling, 
nocturnal awakening) or 
one primary and two 
secondary symptoms 
(pain, tightness, 
clumsiness) ++ 
1) Probable CTS -
based on clinical 
symptoms alone. Two 
primary symptoms 
(numbness, tingling, 
nocturnal awakening) or 
one primary and two 
secondary symptoms 
(pain, tightness, 
clumsiness) 
2) Definite CTS -
probable CTS 
confirmed by EDS +++ 
Cross-sectional design 
Low recruitment rate 
(30%) 
No control for 
occupational exposure 
Results not reported as 
odds ratios - difficult 
study to interpret 
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Overall Strengths 
Large size(n=429) 
Evaluated many 
potential risk factors 
Large size ( n= 1464) 
Clear CTS diagnostic 
criteria 
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Table 4 Study Quality Summary 
Study Generalizability 
Stolp-Smith, KA et al" 
(1998) 
Pregnant populations 
only 
Control for 
occupational exposure 
None 
Franzblau, A et al38 
(1996) 
Average None 
Keniston, R et at39 
(1997) 
Small group of Midwest 
workers 
84% female 
mean age - 36.6 y/o 
Average 
Industrial 
None 
CTS definition 
Recorded diagnosis of 
CTS during pregnancy 
from the Mayo clinic 
database 
Overall Weaknesses 
Cross-sectional design 
No control for other 
factors 
++ Limited generalizabilty 
Combined clinical Cross-sectional design 
symptoms with 
abnormal EDS. Not well No control for 
defined occupational exposure 
++ 
Specific hand wrist 
symptoms (numbness, 
tingling, nocturnal 
awakening) plus EDS 
confirmed median nerve 
slowing (MLD;;, 0.4ms) 
CTS definition not well 
defined 
Small size (n=l25) with 
n=31 having 
"median neuropathy" 
Cross-sectional design 
Few symptomatic 
patients had a medical 
diagnosis of CTS 
Recruited from ongoing 
+++ study-possible selection 
bias 
No occupation control 
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Overall Strengths 
Large (n=l0,873) 
Random subject 
selection 
Moderate size (n=441) 
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Table 4 Study Quality Summary 
Study 
Kouyoumdjian JA 
et al16 
(2002) 
Lam, N et al11 
(1998) 
Generalizability 
Poor 
Brazil 
90% female 
Poor 
New Zealand 
Surgical candidates only 
CTS -Carpal Tunnel Syndrome 
EDS - Electrodiagnostic Studies 
MLD - Maximum Latency Difference 
Relative Ceratainty of CTS diagnosis 
++++ - excellent 
+++ - very good 
++ -average 
+ -poor 
Control for 
occupational exposure 
None 
None 
(occupation assessed but 
not controlled for) 
CTS definition 
Combination of 
hand/wrist symptoms 
(parasthesias, 
numbness, nocturnal 
pain) with a positive 
EDS study (MLD of~ 
3.7ms) +++ 
CTS cases requiring 
carpal tunnel release 
surgery 
Overall Weaknesses 
No control for 
occupational exposure 
Poor generalizability 
Analyzed few potential 
risk factors 
Cross-sectional design 
Poor methods 
++++ Limited generalizability 
Low recruitment 
rate(58%) 
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Overall Strengths 
Case-Control design 
Moderate size 
Cases (n=210) 
Controls (n=320) 
Moderate size (n=512) 
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